The combination of dabrafenib and trametinib demonstrated encouraging antitumor activity and tolerability, at initial analysis, in Japanese patients with BRAF V600 mutant advanced melanoma warranting further investigation. This study evaluated the safety and tolerability, pharmacokinetics (PK) and preliminary efficacy of dabrafenib 150 mg b.i.d. plus trametinib 2 mg q.d. in Japanese patients with BRAF V600E/K mutant solid tumors (phase 1) and melanoma (phase 2). Phase 1 was primarily intended to assess safety and tolerability as assessed by adverse events (AE), and the primary end-point in phase 2 was to assess confirmed overall response rate (ORR). The secondary end-points in phase 1 included PK, confirmed/unconfirmed ORR and duration of response (DOR). The secondary end-points in phase 2 were PK, unconfirmed ORR, DOR, safety and tolerability. A total of 12 cutaneous melanoma patients were enrolled in the study (six in phase 1 and six in phase 2) and received the combination therapy of dabrafenib and trametinib. Common AE (≥50.0%) included pyrexia (75%), increased aspartate aminotransferase (67%), peripheral edema (50%) and nasopharyngitis (50%). The investigator-assessed ORR was reported in five patients (83%) in phase 1 and was also reported in five patients (83%; 95% confidence interval, 35.9-99.6; P < 0.0001) in phase 2. Plasma concentrations of both dabrafenib and trametinib seemed to a reach steady state by week 3. Overall, efficacy and PK properties for the dabrafenib plus trametinib combination in Japanese patients were comparable with those seen in global studies.
INTRODUCTION
Melanomas are the most aggressive form of skin cancers which account for 80% of skin cancer-induced deaths. 1 The origin and progression of melanoma has been associated with genetic mutations in several genes, including BRAF, NRAS, MITF and KIT, that are involved in different signaling pathways regulating survival, growth and proliferation in cells. The recent discovery of these mutations not only resulted in better understanding of melanoma and its progression but also resulted in advancement of targeted therapies. 2 BRAF mutation, occurring in approximately 50% of patients with melanoma, constitutively activates the mitogen-activated protein kinase (MAPK; RAS? RAF?MEK?ERK) signaling pathway, which plays a vital role in regulating the cell proliferation and survival in human tumors including cutaneous melanoma. [2] [3] [4] Melanoma is relatively more common in Caucasian populations and hence analyses of characteristics of patients with BRAF mutations in detail have been restricted to these patients. 5, 6 Studies involving China, Korea and Japan revealed that there may be some differences in incidence of melanoma compared with the findings in Caucasians, including frequency and an age association with BRAF mutation. [7] [8] [9] [10] In a recent study conducted in Japan, the detection rates of BRAF, NRAS and KIT mutations were 30.4%, 12.3% and 12.9%, respectively.
which demonstrated significant improvement in progressionfree survival (PFS) in patients with BRAF V600E mutation-positive unresectable or metastatic melanoma. 12, 13 Trametinib, a reversible, highly selective allosteric inhibitor of MEK1/MEK2 activation and kinase activity was approved for use in the treatment of adult patients with unresectable or metastatic melanoma containing BRAF V600E/K mutations based on the results demonstrated in a phase 3 trial. 14, 15 Owing to the modest improvement in PFS with BRAF-and MEK-inhibitor monotherapies, development of resistance to BRAF inhibition, poor outcome in patients with BRAF-mutant melanoma after development of resistance to BRAF-inhibitor monotherapy, and the associated severe cutaneous toxicity, there was an interest in combining oncogenic BRAF inhibition with downstream MEK inhibition in the MAPK pathway to help in improving the patient outcomes. A synergistic effect of the combination of dabrafenib and trametinib, via concomitant inhibition of the ERK, was observed in BRAF V600-mutant melanoma cell lines, and delayed emergence of resistance was observed in BRAF V600-mutant melanoma xenografts in vivo along with a decrease in skin toxicities compared with monotherapy. 16 In a phase 2 study, the dabrafenib and trametinib combination significantly improved PFS and decreased the frequency of known BRAF inhibitor-induced hyperproliferative skin lesions such as cutaneous squamous cell carcinoma, papilloma and hyperkeratosis, compared with dabrafenib monotherapy in patients with BRAF inhibitor-na€ ıve metastatic melanoma. 17 The combination of dabrafenib and trametinib in the pivotal phase 3 studies revealed statistically significant and clinically relevant improvements in PFS, overall survival (OS) in patients with BRAF V600 mutation-positive melanoma. [18] [19] [20] [21] As the data in Asian patients are very limited, this study was conducted to determine the safety and preliminary efficacy of dabrafenib plus trametinib in Japanese patients with BRAF V600E/K mutation-positive solid tumors, including melanoma.
METHODS

Study design
In this Japanese, phase 1/2, open-label, non-controlled study, the safety, tolerability, pharmacokinetics (PK) profile and efficacy of the dabrafenib 150 mg b.i.d. and trametinib 2 mg q.d. combination in patients with BRAF V600E/K mutation-positive advanced solid tumors (phase 1) and BRAF V600E/K mutationpositive cutaneous melanoma (phase 2) were evaluated ( Fig. 1) . All patients provided written informed consent before participating in any study procedures. The study was conducted in accordance with the International Conference on Harmonization (ICH) Guidelines for Good Clinical Practice and the Declaration of Helsinki. All protocols and amendments were approved by the independent ethics committee or institutional review board for each study center. This trial was registered with ClinicalTrials.gov (NCT01928940).
Key eligibility criteria
Inclusion criteria
In phase 1, patients aged 20 years or more with histologically confirmed BRAF V600E/K mutation-positive advanced solid tumors, which are not responsive to standard therapies or for which there was no approved or curative therapy, were included. In phase 2, patients aged 20 years or more with histologically confirmed BRAF V600E/K mutation-positive unresectable (stage IIIC) or metastatic (stage IV) cutaneous 
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Exclusion criteria
Patients were excluded from both phase 1 and 2 if they received prior BRAF inhibitor or MEK inhibitor therapy; however, patients treated with prior BRAF or MEK inhibitor who experienced no significant toxicity due to the prior treatment were eligible for phase 1. Patients were also excluded if they received any prior anticancer investigational product within 28 days or five half-lives (minimum 14 days), whichever was shorter, if they had any unresolved toxicity (except alopecia) from previous anticancer therapy of grade 2 or higher according to Common Terminology Criteria for Adverse Events version 4.0 (CTCAE v4.0), or if they had past or current history of cardiovascular risk and retinal vein occlusion.
Patients were excluded only from phase 2 if they had received a prior systemic anticancer treatment (chemotherapy, immunotherapy, biologic therapy, vaccine therapy or investigational treatment) for stage IIIC (unresectable) or stage IV (metastatic) melanoma except if it was received in the adjuvant setting.
Treatment administration
Dabrafenib and trametinib were administrated in the morning at approximately the same time every day, and the second dose of dabrafenib was administrated approximately 12 h after the morning dose. Patients received study treatment until disease progression, death or an unacceptable adverse event (AE). The cycle for safety assessment was defined as 28 calendar days of continuous dosing regardless of dose interruption.
Assessments
In phase 1, the primary end-point was to assess safety and tolerability as assessed by AE. Secondary end-points were PK, confirmed/unconfirmed overall response rate (ORR), PFS, and duration of response (DOR) of dabrafenib and trametinib. In phase 2, the primary end-point was to assess confirmed ORR. Secondary end-points included PK, unconfirmed ORR, PFS, DOR, safety and tolerability.
Overall response rate was evaluated by lesion assessments (by RECIST v1.1) performed every 8 weeks. Confirmed ORR is defined as the percentage of patients with a confirmed complete response (CR) or partial response (PR) as per RECIST 1.1. The unconfirmed ORR was defined as the percentage of subjects who had an unconfirmed CR or PR according to RECIST 1.1. PFS was defined as the time from the first dose of study treatment to the earliest of death or progression. DOR was defined as the time from first documented evidence of CR or PR until disease progression or death due to any cause among patients who achieved a confirmed response. Safety and tolerability were evaluated by routine physical examination findings, vital signs, clinical laboratory tests, clinical monitoring and observations, and AE reporting.
Pharmacokinetics
Blood samples for PK analysis were collected in subjects who participated in phase 1 only (PK population) on day 1 (predose, and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12 and 24 h postdose) and day 21 (pre-dose, and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10 and 12 h post-dose). A trough PK sample was collected at pre-morning dose on day 8, day 15, week 8, week 16 and week 24, and at progressive disease (PD) observation. The following PK parameters were calculated by non-compartmental analysis for dabrafenib and its metabolites (e.g. 
Statistical analysis
The primary focus of phase 1 was to assess the safety and tolerability of dabrafenib and trametinib combination therapy. In phase 1, the sample size was not driven by statistical considerations. The total number of patients depended on the number of dose levels needed. If only the combination of dabrafenib (150 mg b.i.d.) and trametinib (2 mg q.d.) was studied, the sample size of phase 1 was estimated to be six. In phase 2, the primary end-point was confirmed ORR (based on the investigator's assessment). In phase 2, with a threshold ORR of 10% and an expected ORR of 70% (based on phase 3 studies with dacarbazine, vemurafenib and dabrafenib therapies), 13, 22 the sample size of six was estimated to provide 90% or more of power, given a one-sided alpha error of less than 0.05. Patients who were not evaluable were treated as nonresponders, that is, they were included in the denominator when calculating the percentage. Exact 90% and 95% confidence intervals (CI) were calculated for this estimate, and the exact P-values for one-sided binomial test were calculated to allow rejection of the null hypothesis, of which ORR is 10%. An independent central review (ICR) was performed to serve as a sensitivity analysis of tumor assessment. The ICR assessment was used to analyze confirmed ORR. Only the subset of patients who showed a CR or PR was included in the analysis of duration of response. Progression-free survival and duration of response were summarized descriptively using the Kaplan-Meier method. If a patient received subsequent anticancer treatment prior to the date of documented progression or death, PFS in the patient was to be censored at the last adequate assessment prior to the initiation of the subsequent therapy. Otherwise, if a patient did not have a documented date of progression or death, PFS in the patient was to be censored at the last adequate assessment. PK parameters were listed and summarized for phase 1.
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© 2018 The Authors The Journal of Dermatology published by John Wiley & Sons Australia, Ltd on behalf of Japanese Dermatological Association AE were coded using the ICH Medical Dictionary for Regulatory Activities (MedDRA) version 19.0 and grouped by system organ class and preferred term. AE were graded by the investigator according to CTCAE v4.0 and were summarized by frequency and proportion of total patients, by system organ class and preferred term.
RESULTS
Patient disposition
A total of 12 patients were enrolled in the study (six in phase 1 and six in phase 2) and received the combination therapy of dabrafenib (150 mg b.i.d.) and trametinib (2 mg q.d.). First, six Both patients received prior BRAF inhibitors (dabrafenib, n = 1; vemurafenib, n = 1). NOS, not otherwise specified.
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© 2018 The Authors The Journal of Dermatology published by John Wiley & Sons Australia, Ltd on behalf of Japanese Dermatological Association patients were enrolled in phase 1, who received the study treatment and completed the observation period for dose-limiting toxicities (DLT). All six patients were evaluable for safety and tolerability, and no additional patient was enrolled. This decision of the sponsor was supported by the Safety and Efficacy Review Committee. A case review meeting for discussing the start of phase 2 was held when the first three patients enrolled in phase 1 completed the DLT observation period. No DLT was observed in these three patients, and it was considered possible to start phase 2. A total of six patients were enrolled in phase 2 of the study and received the study treatment. Patient disposition in phase 1 and phase 2 is summarized in Table S1 . 
Treatment exposure
The mean daily dose of dabrafenib was 269.4 mg (standard deviation [SD], 45.54 mg) in phase 1 and 295.6 mg (SD, 4.04 mg) in phase 2, which was close to the planned daily dose (300 mg) in both periods. The mean daily dose of trametinib was 1.85 mg (SD, 0.235 mg) in phase 1 and 2.00 mg (SD, 0.003 mg) in phase 2, which was the same as or close to the planned daily dose (2 mg).
Demographic baseline characteristics and prior therapies
All of the patients were Japanese and included seven men (58%) and five women (42%). The primary disease was melanoma in all 12 patients. In phase 1, the disease was stage IIIC in one patient (17%) and stage IV in five patients (83%), whereas in phase 2 all six patients were in stage IV. All 12 patients had BRAF V600E mutation-positive tumors. Baseline characteristics of the patients enrolled in the study are summarized in Table 1 . Patients received chemotherapy, immunotherapy, biologic treatment and small molecule treatment as prior therapies (Table 1) .
Pharmacokinetics
Following repeat dosing of 150 mg dabrafenib b.i.d. and 2 mg trametinib q.d. in patients with BRAF V600E/K mutation-positive advanced solid tumors, dabrafenib seemed to be rapidly absorbed with the median plasma Tmax of approximately 2 h. Plasma AUC0-12 h on day 21 was lower than that after a single dose on day 1 (Fig. 2) Table 2) . Trametinib seemed to be rapidly absorbed with the median plasma Tmax of approximately 1 h (Fig. 2) . Plasma trough concentrations of trametinib seemed to reach steady state by week 3 (%CV of 26%) ( Table 2) .
Overall response rate
The investigator-assessed confirmed ORR was observed in five patients (83%) in phase 1 and in five patients (83%; 95% CI, 35.9-99.6) in phase 2. One-sided exact binomial test rejected the null hypothesis of ORR as 10% (P < 0.0001) for phase 2. The ICR-assessed confirmed ORR was observed in three patients (50%) in phase 1 and in five patients (83%; 95% CI, 35.9-99.6; P < 0.0001) in phase 2 (Fig. 3) . The investigatorassessed percentage change at maximum reduction in tumor size from baseline measurement in phase 1 and phase 2 trials are summarized in Figure 3 and the investigator-assessed percentage change in tumor size from baseline over time is summarized in Figure 4 . Table 2 . 
Progression-free survival
An event (PD or death) was observed in all six patients in both the investigator-assessed PFS and independently assessed PFS in phase 1. The investigator-assessed PFS ranged 16-65.1 weeks, with PFS exceeding 24 weeks in four patients. The independently assessed PFS ranged 9-65.1 weeks, with PFS exceeding 24 weeks in three patients. The independently assessed and investigator-assessed evaluations of PFS agreed with each other in three patients. An event (PD or death) was observed in three of six patients in both the investigator-assessed PFS and independently assessed PFS in phase 2. The investigator-assessed PFS ranged 19-47.9 weeks in the three patients. The remaining three patients were censored as no event was observed. Therefore, mature data have not been obtained with respect to independently assessed PFS. The independently assessed and investigator-assessed evaluations of PFS agreed with each other in five of six patients, including the censored patients.
Duration of study treatment
The median duration of treatment with dabrafenib was 323.0 days (range, 132-931) in phase 1 and 569.0 days (range, 104-925) in phase 2. Similarly, the median duration of treatment with trametinib was 311.0 days (range, 131-931) in phase 1 and 567.0 days (range, 101-914) in phase 2.
Adverse events
All 12 patients included in the study experienced AE and treatment-related AE. Common AE (reported in ≥33.0%) included pyrexia (75%), increased aspartate aminotransferase (67%), One-sided exact binomial test to reject null hypothesis; ORR ≤ 10%. *The malignant lymph nodes were included in the evaluation of target lesions.
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© 2018 The Authors The Journal of Dermatology published by John Wiley & Sons Australia, Ltd on behalf of Japanese Dermatological Association peripheral edema (50%), nasopharyngitis (50%), blood alkaline phosphatase (42%), stomatitis (42%), erythema (42%), headache (42%), acneiform dermatitis (33%) and maculopapular rash (33%) (Tables 3 and 4) . Two patients discontinued due to AE (one patient in phase 1 [patient 1] and one patient in phase 2 [patient 11]). Patient 1 discontinued dabrafenib due to grade 3 increased blood alkaline phosphatase, and patient 11 discontinued both dabrafenib and trametinib due to grade 3 uveitis. Both these AE were considered related to dabrafenib and/ or trametinib by the investigator. There were two deaths reported in phase 1 and one death in phase 2 due to progression of the underlying disease, but no serious AE leading to death were found (Table 3) .
There were 12 AE (eight in three subjects in phase 1 and four in three subjects in phase 2) leading to treatment interruption in six subjects. They were two instances each of increased alanine aminotransferase, pyrexia and neutropenia, and one instance each of increased blood alkaline phosphatase, pneumonitis, increased aspartate aminotransferase, decreased blood phosphorus, pharyngitis and decreased ejection fraction. With the exception of increased alanine aminotransferase and pharyngitis, all of the AE leading to treatment interruption were considered related to dabrafenib and trametinib by the investigator.
There were three AE (increased blood alkaline phosphatase, pneumonitis, increased alanine aminotransferase) in two subjects in phase 1 that led to dose reduction and all of these AE except one (increased alanine aminotransferase) were considered related to dabrafenib and trametinib by the investigator. 
DISCUSSION
The advancement of BRAF-targeted therapies has transformed the treatment of BRAF-mutant metastatic melanoma by improving outcomes for the treated patients. 23 The purpose of this Japanese phase 1/2 study was to assess the safety and preliminary efficacy of dabrafenib and trametinib combination in 12 Japanese patients with BRAF V600E/K mutation-positive advanced solid tumors (phase 1) and BRAF V600E/K mutationpositive cutaneous melanoma (phase 2). The target population in phase 1 was patients with advanced solid tumor, but the six patients who were actually enrolled were patients with cutaneous malignant melanoma. In phase 2, six patients with cutaneous malignant melanoma were enrolled, so all of the patients who participated in this study were patients with cutaneous malignant melanoma. The relatively common AE in the six patients (≥50%) in phase 1 were pyrexia, increased aspartate aminotransferase, nasopharyngitis, erythema, maculopapular rash, increased blood alkaline phosphatase, headache, acneiform dermatitis, alopecia and decreased appetite. Relatively common AE (≥50%) in the six patients in phase 2 were pyrexia, peripheral edema, increased aspartate aminotransferase and stomatitis. Most of the AE observed in phase 1 were also observed in phase 2 indicating no major differences in the types and incidences of AE in patients with cutaneous malignant melanoma despite differences in history of prior therapy.
The most common AE in the 12 patients in phase 1 and phase 2 combined were pyrexia, increased aspartate aminotransferase, peripheral edema, nasopharyngitis, increased blood alkaline phosphatase, stomatitis, erythema and headache. The relatively common AE in this Japanese study were also relatively common in clinical studies of dabrafenib and trametinib combination conducted in global studies. 18, 24, 25 Similarly, the majority of AE observed in this Japanese study belong to grade 1 or 2, and it has been reported that the majority of AE were grade 1 or 2 in global clinical studies as well. 18, 24, 25 Pyrexia was the most common AE in our study and was also the most common AE in the global combination studies. 18, 24, 25 Incidentally, pyrexia has been reported as a common AE with BRAF-inhibitor monotherapy in the range of 16-26% when given as monotherapy. 18, 19, 26, 27 In the current study, the first fever was observed within 8 weeks of initiation of therapy in all nine patients in whom pyrexia was observed, while the median time to onset of the first fever in a global clinical study conducted was reported to be 4.3 weeks after treatment initiation. 27 Thus, there seemed to be little difference between Japanese and other ethnicities in terms of pyrexia during dabrafenib and trametinib combination. Based on these findings, the combination of dabrafenib and trametinib in Japanese patients seemed to differ little from that in patients who participated in the global clinical studies. The AE leading to discontinuation of the therapy were confirmed in two of 12 patients, and dose reduction due to an AE was necessary in two of 12 patients (one patient experienced both). However, no AE were reported in nine patients leading to either dose reduction or discontinuation. AE could be managed with symptomatic therapy or dose interruption of the investigational products. Evaluation of safety data revealed that dabrafenib (150 mg b.i.d.) and trametinib (2 mg q.d.) combination therapy was generally well tolerated in Japanese patients, confirming the manageable safety profile of combination therapy.
In the phase 2 study, the efficacy of dabrafenib and trametinib combination as first-line therapy for unresectable or metastatic disease showed a robust response rate (83%), with agreement between investigator assessment and independent assessment (in terms of confirmed ORR), in Japanese patients, which is sufficient enough to justify further clinical development. Moreover, there seemed to be no major difference in the response rate to dabrafenib and trametinib combination therapy between Japanese patients and patients in global studies. 18, 24, 25 In the PFS evaluation in phase 1, PFS of 40 weeks or more (65.1 weeks maximum) was confirmed in three of six patients regardless of whether it was the investigator's assessment or the independent assessment. In phase 2 of this study, PD was confirmed in three of six patients. The investigatorassessed PFS in these three patients ranged 19.1-47.9 weeks, which roughly agreed with the independent assessment. The median duration of response was 32.1 weeks according to the investigator's assessment and 45 weeks according to the independent assessment. The median PFS has been reported to be 9.3-11.4 months and the median duration of response has been reported to be 9.2-13.8 months in clinical studies conducted to date. 18, 24, 25 Thus, the median PFS and the duration of response in phase 1 were similar to the results of clinical studies conducted to date. All of the patients enrolled in this study are patients with V600E mutation-positive malignant melanoma, and clinical data from V600K mutation-positive malignant melanoma patients were not obtained. Therefore, moving forward, clinical data needs to be accumulated to evaluate efficacy in Japanese patients with V600K mutation-positive malignant melanoma. Following repeat dosing of dabrafenib, 150 mg b.i.d. and trametinib, 2 mg q.d. in patients with V600E or V600K mutation-positive advanced solid cancer, dabrafenib seemed to be rapidly absorbed. It was observed that plasma AUC0-12 h (day 21) of dabrafenib at repeat dosing was lower than that at AUC0-inf (day 1), which may support the result that dabrafenib induces self-induction of metabolism. The results observed in this study are consistent with the results that have been observed in global studies. 28 Similarly rapid absorption of trametinib was also noticed following repeated dosing of trametinib 2 mg q.d. and dabrafenib 150 mg b.i.d. Contrary to the results observed in dabrafenib, absorption plasma AUC0-24 h of trametinib at repeat dosing was higher than that at single dose, which may be attributed to the fact that the half-life of trametinib was long, that is, approximately 3.5 times the dose interval (24 h). Plasma concentrations of both dabrafenib and trametinib seemed to reach steady state by week 3, but the variability in plasma trough concentrations of dabrafenib and its metabolites was large at week 8 and later. The total number of patients recruited in this study was relatively lower (n = 12) but the results of evaluation of the safety, efficacy and PK of dabrafenib (150 mg b.i.d.) and trametinib (2 mg q.d.) combination therapy differed little from the global clinical study results. In conclusion, the safety, efficacy and PK of this combination therapy in Japanese patients with unresectable or metastatic BRAF mutation-positive cutaneous malignant melanoma could be analogically inferred from the global clinical study results.
